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1. introduction

Occan convc~tion is a climatically important process in which air-sea interactions influcrmc.  oceanic
circulation through the ventilation of dcc,p and in[crmcdiatc  walers. A kc,y site of convwtion, aclivc in al lc,ast  some
winters, is in the (htcnlancl Gyrc, and the convcdion SCJMIS to bc rcla[cd to the dcvclopnmt of an icc fcahrrc  called
CMlcn (“the Icy Cape” in Norwegian), an caslward extension of lhc icc edge in lhc latiludc  range 710 to 75”N.
Previously pub]ishcd results from the 1988-89 winter (GSP Group, 1990; Roach cl al, 1993) showed that
il~tcrll]cdialc-dc]~ll~  convcc.tion nc.ar the O&Jcn  icc edge at 75°N, 4 ‘W immcdialc]y prcccde lhc formation of the
“Nordtwkta”,  a rapid icc rclrca[  which occurs in nearly every winlcr.  Wc conclude, thcrcforc, that the cold brine
from Oddcn formation is related to the establishment of this  convection and that the Nordt>llk[a  rclrc,a[ is the
conscqucmcc of that convection.

‘J’hc  kcy dynamic clcmcnL$ of oceanic c.onvcction arc, the individual plumes, the clusmrs of plumes called
chimneys, the eddies that arc the cmrscqrcncc  of chimneys aging in a rotating frame, and the, cmbaymcnts  and
pol ynyas result irrg from the sprc.a(l of Al W convective rclura water on the surface. Rccc.nt numerical work, which
has not includcxi  surface wind dynamics, has suggested that plumes, of dimensions about 100-300 m (Jones and
Marshall, 1993; Garwood,  1991; Ciascard,  1991) cluslcr  in chimneys of scale 10-60 km, ‘J’hcorctically  these
chirnncys  arc cxpcclcd to grow through incrcasc in lhc number of plumes, dc,cay through baroclinic inslabililics,  and
to circulate cyclonically  wi[h lhc gyrc.

In this paper wc discuss these fcawrcs  as seen in satellite daia, Specifically wc prcscnl  an irr[crprcta[ion  of
coarse, resolution passive rnicrowavc.  dala for 1989 and 1992 in the con[c,xt of a simple rnodcl of icc-edge retreat to
obtain the Nordbukla cmhaymcnt  growth and the formation and migration of an Oddcn ~mlynya.  “1’hc.sc  features arc.
controlled, wc assurnc,  by the propagation of convection and lhc prcscncc of convwtivc-rctura  water at the surface.
Wc also prcscmt  fine resolution MM-1 SAR data which dcscribcs  tllc surface struclurc  of what appears LO bc
convecting plumes. While, wc cannot sta[c with ccrtaint y, wc spccrrlalc  that the 1992 convection is not deep.

I’here is a temptation to think thal the Oddcn  icc growlh  simply removes the fresher surface. }’W by brine
generation, bul this is not the case. ~“hc Bourkc ct al (1992) scclion  shows a surface salinity change of aboul  1
psu/100 km; to remove this layer by brine from icc growth with lIIC surface. Jluxcs  available. is not praclical.  Using a
mean flux of 200 waM#m2 and a mixed layer of 50 m thickness, the rclrcat  of the cxlgc of fresher layc,r,  and thus of
the icc c.dgc, would occur at a maximum (if all heat 10SL at the surface is lalcnt heat, which it is not) of only 3
km/day, 20% of the observed rate (Roach ct al, 1993, and below). q’hc heat and brine in the convective.-rcturn Al W
is csscnlial.

2 l’hc Convect  ivc IMmts of 1989 and 1992

As part of the (irccnland  Sca }’rojccl,  oceanographic data from lhc upper 2?00 m at two locations wcrw
examined (Roach ct al 1993; scc also Scholl ct al, 1993). I’hc growth of sca ice, in the central Circcnland gyrc
incrcascd  the salinily of the upper water column locally and rcduccd the vcr[ical  stability profile during Dcccmbcr
and January. Subsequent cooling incrcascd the dc,nsity  of the surface waters to a crilical  point and a cold air
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oulbrcak  in Ia[c January 1989 provided enough buoyancy loss to c.onvcrlivc,ly  ovcrlurn  at lcasl the upper 200111,
Rcplacc,mcnt  water then rose. from the warmer pool of in[crmcctiatc.  waicr  al mid-dcplh  causing an incrcasc  in the
heat available in lhc upper layer. The surface signakrrc  of that warming was the rctrca[  of the icc cover near (; S1’-4
and then along the Greenland shelf edge to the south WCSL, where the warmc,r water apparcrnl y was advcctcxt,

A convcdivc  ovcrmrn of the central Grccrdand  gyrc oc.currcd  about January 20 (Roach ct al ,1993) the.
1989, and shortly thcrcaftcr  an cmbaymcrrt forms at the ice edge in the upper ccrrlcr of Oddcn, and the cmbaymcnl
grows by slcady icc rch-cat  of 10-15 km each day to the sou[hwcst. the retreat conlinucs  steadily unlil  about day 66
whc.n lhcrc is some episodic advance and retreat, A persistent tongrrc.  of icc is seen to lic along the axis of the Jan
Maycm  Ckrrrcnl  as observed by Bourkc  cl al (1992). Near day 30, Ihrc,c  scallop shaped features appear in the ice.
edge and move approximatcl  y to the soulhwc.s[.  WC initially took thcm {o bc the, c.himncy fc.aturcs  as discussed by
both thcorclical  (Jones and Marshall, 1993) and observational ((;ascard,  1991) invcsligators,  although the scale, of
the. scallops is some 60-100 km, larger ihan has bwn discussed. Ano(hc.r  difficulty in the idcnlificat  ion of the
scallops as chimneys is that chimrrcy  drifts should retain Ihc cyclonic  sense of lhc gyrc while the, scallops simply
move to the soulhwcst at the rate of the Nordbuk@ rclrcat,

A scallop which appears on the caslc.rn side of lhc convcclivc  cmbaymcmt  dots not simply move SW on the
cmbaymcnt fringe as the others do; il C1OSCS into a migrating open-water fcahrrc  which wc argue is basically a
convective scnsib]c-heat polynya  of 60-90 km diameter. ghcrc is a pcrsislcncc  in lhc pcdynya  forma[ion;  when it has
moved some 120 km to the SW of iL$ formalion  another scallop forms a[ its origination site,. ‘1’hc migrating polynyas
“fill” with icc whcm the fresh PW water from lhc Jan Mayan Cuwcnl tcrminalcs  [hc convection. ‘l’his eastern feature.,
which wc will call the eastern polynya, thus has a distinctive behavior, and its characteristics may bc indicative of
some. aspects of the Oddcn convection. All the scallops move al within 10% of the .samc rate. and arc. thus likely to
he, controlled by a common mechanism. At the same time, this tcmdcncy to move to the sorrlhwcst is not universal to
Oddcn-area fcalurc.s; the far norlhcast  edge of Oddcn, for cxamp]c, Inovcs  [o the. north-cast; its  behavior is
uncorrclaicd  with lhc cmbaymcrrt  fca(urcs.

3. odd Cn Icc Grvcr Behavior

I’hc rapid icc rclrcat  has bwn a[lributc.d  to the action of hc.al brolrght  to hc surface by the convcclivc-rcturm
AIW (Roach et al, 1993). ‘1’hc firsl  quc.stion to address deals with the. rate of icc retreat, I;rotn visual inspection the
icc rc.treat has a rate of about 12 km/day. ‘J”hc chimney growth rams suggested by lhcorctical  analyses arc 2.-3
km/day (1 zgg and Marshall, 1993), and lhc currcnLS of lhc region arc. negligible (Roach c1 al, 1993). ‘I”hus  wc have
rml y [hc wind as cxlcmlal  force for the rapid icc edge rclrcat. If wc spccu]alc  that the convective-rclurn water
terminates ncw icc forma[ion  exactly, i.e., no icc cover is formccl or clcarcd af[cr the convection begins, then the last
ice. that formed will move under sirnplc  wind forcing, and it may con[inuc to thickcm under surfac.c  hc.at  loss.
According to Moritz  (1988),

U-c=wi 1

where U is the (comp]cx)  icc vcloci[y,  c is the current, Ci is lhc gcoslrophic  wind, and B is a complex constant which
contains the drag cocfficic.nt  and Coriolis  turwing.  WC, will usc c = O. Ik]rlhc.r, wc will concern oursclvc,s only with
the icc motion componcn[ down the ccmlc.r  of lhc Oddcn box. I;o]lowing  Moritz (1988) WC, usc

1}]/ = 1.21x 10-2’
2

Cl= arg(}])  = -3°

In the above wc arc specifically modeling icc motion, but the modeling of the motion of warm surface Al W would
usc equivalent terms. ‘I Iurs, wc arc examining the motion of the icc edge to scc if il is controlled by wind-drive.rr
properties. ‘J’hc  measured icc edge rc.trca[ velocity component by both SSM/1 and the wind-forced calculation arc
similar c.nough that wind advcction  of surfac.c waters and sca icc Iikcly plays a role in Ihc formation of the
Nordbulda,  but wc cannot say whctllcr  icc at the edge is moving a bit faster than or more slowly than the edge itself,
or if the icc itself mighl bc growing or becoming thinner near the edge.

The closing of the eastern scallop into a polynya  is significant. ‘I”hc.  central rctrcal  could easily bc driven
cnlircly  by a convcclivc-return water source lirnitcd in geographic extent to the region immcdiaw]y  around the .gyrc.
cc,nlcr; the convcclivc-return watc,r would simply bc blown downwind to 10SC heat to the. air and mix with surface.
and near surface walers. However, the eastern polynya has to bring iLs convc.ctivc-rchm  wa[cr source along with it
as it moves to the soulhwcsl  down the box. Additionally, since icc is found all around it, lhcrc  must bc a source. of
frcs,h water at the surface, behind it, and the. only source of fresh water is mch-watt.r. ‘1’bus, the caslcrn  po] ynya is
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apparcmtly moving a bit more slowly than the icc ilsclf  so thal  icc is s[cadily  rnclting  at the polynya upper edge.
Consequently icc is always forming at the lower edge of lhc pcdynya  and, prcsumatrly,  generating brine for the.
mainlcnancc  of convection. If the SW edge of the central retreat acts  in ltm same rnanncr  as lhc SW edge, of the
pol ynya, then convcclivc waler is located in the sorrthcrn  cad of the open wamr area lCSS than 100 km from the ice.
edge.; the remainder of the large c.mbaymcnt  of the. ccrrlral  retreat is simply Al W of convective-return origin which is
mixing in a hu-bulcnt  fashion as poinlcd  OU1 by Scholl cl al, (1993),

4. Convective  l’hnncs in SA1/ IIata and Sirnultitims

~’hc kcy clcmcnt of occ.anic convcztion, the aclivc phrmc,  has as yet not bccrr convincingly observed or
simula[cd.  Some dala has been acquired: from the Icnyw.ralurc.  series on GSP 4 during the convcc.tivc  period, an
upper bound on the vcrlical  vclocily  of 3.1 cm s-] was noted. This is in gcmcral  agrccmcnl with vcrlical  velocities
rncasurcd  directly by Doppler profilers in the Mcditcrrancan Sca and in the Grc..nland  Sca (Scholl c1 al, 1993).
Jones and Marshall (1993) and Ciarwood  (1991), through scaling argumcnls, have found the imporlant terms in the
convective process arc buoyancy flux, Coriolis  force and ocean depth, I’hc Jonc.s  and Marshall (1993) calculations
applic,d to our data with a maximum 500 W n]-2 heat loss yield a plume of aboul 160 m wilh a vcrlical  velocity of
2..? cm s-] while the 1.argc Rddy Simulation (1 .}1S) approac}]  (Garwood,  1991) finds similar plume scales and that
lhc plume array should have spacing dcpcrrdcnt on convection depth and ranging up to 2 km for deep convcdion in
tlm Grcc.nland Sea. Wc show and discuss IIRS- 1 SAR data and rnodcling  rc.sulls hypothcsizd to rcprcscmt rnodclcd
and observed plume surraccs.  I’hc (hypothesized) convecting region is seen to bc aboul 20 km by 90 km and to bc
localcd dirctlly  norlh  of the Oddcn icc edge. According to lhc }iCMWF wind analysis for this area, the, dam of the
SAR image, }/cl).  12, 1993, was a day of very low winds, about 2 ms-  ]; in more usual wind conditions the plumes
rnigh[ have a very different appcarancc, or they might  bc not visible in SAR images at all.

So COnclusiorrs

WC lcntativc]  y conc]udc  thal the central retreat has convcclion,  probably to shallow or intcrmcdia[c, depths,
al work only in a small region (< 100 km) near the icc edge, and il is c.haraclcrizcd over most  or the o]wn-water area
by a WCII mixed layer at lcasl 200 m and possibly 500 m deep. Wc would expect to find similar phrmcs in the
migraling po]ynyas  in Oddcn. Wc have no rnodcl or strongly -iadicativc  data on the mechanism for Lhc. propagation
or wind-advcction  of convecting water, bul lhc indirccl  cvidcncc  that the icc and the convecting watt.r arc not
moving at Lhc sarnc mtc discourages a simp]c  wind-driven approach c,vcn lhough  small vclocily dirfc.rcnccs  for
different icc lypcs  or surracc waler could certainly bc cxpcclcd,  These tcatativc conclusions require rnorc data, from
both satellite and in-situ platrorms,  and the observations should bc used to advance the modeling work as WCII.
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